Twenty-one patients with coronary artery disease and severe, symptomatic ventricular arrhythmias underwent cardiac surgery after failure of medical management. All had coronary artery disease and either localized areas of severe hypokinesis (three patients), or ventricular aneurysms (18 patients) documented angiographically prior to surgery. Operation within one month after acute infarction resulted in an 80% in-hospital mortality, whereas operation more than one month postinfarction showed a 20% mortality. IN 1908, Sternberg recognized the association of ventricular aneurysms with coronary artery disease and delineated four stages in the history of patients with ventricular aneurysms.' The last of these four stages was death, either sudden or due to severe congestive failure. Parade2 and Parkinson3 later documented the occurrence of ventricular tachycardia in patients with ventricular aneurysms. Since these early reports, the ominous prognostic significance of the association of ventricular tachycardia with ventricular aneurysms has been well documented. Such documentation, however, had little practical benefit until 1959, when Couch4 reported that resection of a ventricular aneurysm had abolished refractory tachycardia. After a ten-year hiatus, many similar reports appeared, generally describing isolated cases or small, successful series.'-13 In many of the series, follow-up was limited and there was no systematic evaluation of persistent arrhythmias in long-term survivors. Not until 1971 did Thind et al. report the first postoperative death.9 The question of which patients might best be aided by aneurysm resection was left open.
In order to improve patient selection for surgical therapy of ventricular arrhythmias, we have re-examined our longterm results of such therapy for these arrhythmias in patients with coronary artery disease. We report our total experience with surgical intervention over a four-year period and present the initial clinical history and angiographic findings and follow-up data for at least one year for all patients. We analyze the time course of survival after surgery and examine factors which may influence postsurgical mortality. In addition, using ambulatory electrocardiograms, we investigate the status of asymptomatic ventricular arrhythmias in the survivors and discuss the implication of these arrhythmias in the selection of patients who undergo surgery.
Materials and Methods
The records of all cardiovascular procedures performed at Stanford University Medical Center from August 1, 1970 to January 1, 1975 were reviewed. From this group, those patients undergoing operation for control of ventricular irritability were selected for this study. Medical records, electrocardiograms (ECG), and angiographic and catheterization data were reviewed to document the occurrence of preoperative ventricular tachyarrhythmias, as well as to determine presenting symptoms and clinical history, the time interval from the last myocardial infarction to operation, the coronary arterial and left ventricular anatomy prior to surgery, and the medications used for control of ventricular arrhythmias. Coronary artery occlusions were considered to be significant if there was greater than 70% narrowing, and left ventricular aneurysms were considered to be present when there was a discrete area of akinetic or dyskinetic myocardium noted at angiography. All surviving patients were contacted and were given a physical examination by a cardiologist. A detailed history, a standard 12-lead ECG and a 12-hour ambulatory ECG were obtained. Premature ventricular contractions (PVCs) on the ambulatory ECG were classified as multiform, uniform, paired, or occurring as runs of ventricular tachycardia. Quantification of PVC frequency was as follows: an average of 10 or more PVCs per 15 minutes was termed "frequent," 1 to 10 per 15 minutes was termed "infrequent," and less than 1 per 15 minutes was termed "rare." Statistical analysis of survival data was performed using the Fisher exact test.
Results
Twenty-one patients, 19 men and two women, underwent cardiac surgery for intractable ventricular arrhythmias in the period from August 1970 to January 1975. Pertinent clinical data for these patients are given in table 1. The average age at the time of operation was 56 years (range 33 to 79 years). Eight of these patients were previously reported in 1973.'" All but one patient had documented ventricular tachycardia or ventricular fibrillation, or both, requiring multiple direct current cardioversions. At the time of admission for surgery, syncope or presyncope was the most frequent chief complaint, being present in 17 of 21 patients. In four patients, however, this was in the setting of acute myocardial infarction. The one patient who had not required cardioversion had frequent, multiform PVCs with pairs, and a history of repeated syncopal episodes, with documented presyncope at times of increased PVC frequency. Table 2 shows the various antiarrhythmic agents used preoperatively in the 21 patients studied. These patients had experienced a total of 23 previously well documented myocardial infarctions, from two weeks to 25 years prior to the date of operation. The transmural infarctions were anterior only in 13, anterior and inferior in three, and in four patients inferior only. Only one patient had not sustained a previously documented transmural myocardial infarction. Functional classification before surgery was not possible in the majority of patients, due to the short time between acute myocardial infarction and surgery (five patients) or to the frequency of syncopal episodes at the time of admission.
Presurgical Angiographic Status
All patients were evaluated preoperatively by left ventricular angiography and coronary arteriography, and had significant obstruction in at least one major coronary artery. Obstruction was present in all three main coronary arteries in eight patients, in two major vessels in eight, and in only one coronary artery in five patients. Of the five patients with single-vessel coronary artery disease, two had involvement of the right coronary artery, and three had involvement of the left anterior descending coronary artery. Left ventricular angiography revealed 18 patients with ventricular aneurysms. These were located inferiorly in five patients, anteroapically in four patients, anteriorly in four patients, and apically in five patients. Two patients had marked inferior hypokinesis (patients 1 and 6) and one had apical hypokinesis. All patients with aneurysms or severe hypokinesis had significant coronary artery lesions in the corresponding coronary artery. Mitral regurgitation of variable severity was present in five patients.
Left ventricular pressures were obtained before contrast injection in 17 patients. The left ventricular end-diastolic pressure (LVEDP) was 15 mm Hg or greater in 11, and less than 15 mm Hg in six patients.
Operation
At the time of operation, 11 patients underwent resection of the ventricular aneurysm in association with coronary artery bypass grafting. Ten of these 11 underwent singlevessel bypass grafting, and one underwent double-vessel bypass grafting. Included in this group was one of the three patients with angiographic indications of hypokinesis, who was found at surgery to have a resectable ventricular aneurysm. Four patients underwent resection of a ventricular aneurysm alone, and four underwent coronary artery bypass grafting alone. Of these four patients, no resectable discrete aneurysm could be found at surgery in three, and the remaining patient's aneurysm was too large to be resected. Two patients underwent plication of their ventricular aneurysm in association with bypass grafting. One patient also had a mitral valve replacement at the time of surgery.
Early Mortality
Seven patients died, one day to seven weeks postoperatively, before leaving the hospital. In three patients, death was attributable to persistent ventricular tachyarrhythmias, and in the remaining four, death was due to persistent low output state. Two of the latter group were unable to come off cardiopulmonary bypass at the end of the operative procedure. All six patients whose LVEDP was less than 15 mm Hg lived to leave the hospital, whereas only seven of the 11 whose LVEDP was equal to or greater than 15 mm Hg survived to leave the hospital. This indicated improved survival in those with the best myocardial function; this trend was not statistically significant, however.
Patients were also studied according to time elapsed between myocardial infarction and operation ( fig. 1 ). Five patients were operated within one month after acute myocardial infarction, and only one survived to leave the hospital, for an 80% in-hospital mortality. Of those operated from one month to one year after myocardial infarction, four of six survived to leave the hospital, for a 33% inhospital mortality. In 10 patients, operation was performed more than one year after acute myocardial infarction; nine survived to leave the hospital, an in-hospital mortality of 10%. The difference in survival for those operated during the first month after myocardial infarction and those operated more than one month after was statistically significant (P < 0.05). revealed premature heart beats with compensatory pause. In analyzing patient survival with regard to operation performed, one factor appears to be of primary importance ( fig.  1 ). Of the total group, six patients did not undergo aneurysmectomy at operation. Only one of these was alive at the time of follow-up. Of the 15 patients who had resection, however, 12 are still alive. The difference between survival in these two groups is statistically significant (P < 0.05), and suggests that myocardial resection is an important determinant of successful intervention.
Ambulatory ECGs Obtained at the Time of Follow-up
Twelve-hour ambulatory ECGs were obtained at the time of follow-up in 12 of the 13 patients currently alive, and the results are shown in table 3. Eight of these 12 had frequent multiform PVCs, including bigeminy in six and pairs in six. All three patients who had ventricular tachycardia requiring cardioversion during the follow-up period had frequent PVCs on ambulatory ECG. Only one of these patients demonstrated ventricular tachycardia on the ambulatory ECG. Two additional patients who had not experienced recurrences of sustained or severely symptomatic ventricular tachycardia demonstrated asymptomatic ventricular tachycardia on the ambulatory ECG. Four patients demonstrated infrequent premature ventricular contractions on the ambulatory ECG. One of these patients was known to have had infrequent PVCs prior to surgery. The status of asymptomatic arrhythmias before surgery in the other three was unknown. Due to the small number of patients and the varying dose regimens, no correlation between the occurrence of arrhythmias and the use of antiarrhythmic medications was possible.
Discussion
All patients in this study had recurrent severely symptomatic ventricular arrhythmias which had required multiple cardioversions in 20, and which could not be controlled by conventional treatment with large doses of antiarrhythmic medications. For this reason, surgical therapy was attempted. The results of surgery varied greatly, ranging from death on the first postoperative day to survival for more than five years. The results of our follow-up indicated that the early in-hospital period was associated with the greatest number of deaths. Seven of the eight deaths in our series occurred prior to discharge from the hospital.
In order to determine those factors which may predict success or failure in the early postoperative period, various clinical parameters were reviewed in light of patient survival. Although the numbers for analysis were small, there appeared to be an improved survival in those patients with relatively intact ventricular function. The most striking difference in survival, however, was associated with time of operation after myocardial infarction and the type of operation performed. Four of the five patients operated within the first month after acute myocardial infarction did not survive to leave the hospital. Of 16 patients operated at least one month after myocardial infarction, 13 were discharged from the hospital and 12 are currently alive. In several instances following myocardial infarction it appeared that surgery was attempted as a last resort for moribund patients with critically depressed left ventricular function. Our limited experience with surgery in this type of patient has been uniformly disappointing. In addition, failure to resect at least a portion of the aneurysm gave disappointing results, with only one of six patients surviving long-term.
Although it is difficult to draw conclusions from relatively small numbers of patients, it appears from our experience and from that of other institutions, that surgery for ventricular arrhythmias in the early postmyocardial infarction period is associated with a high mortality. It also appears, however, that such patients have a poor prognosis with either surgical or medical management. The ultimate place of surgery in the treatment of these patients has yet to be determined.
Our results of surgery for recurrent ventricular arrhythmias, performed after the early postmyocardial infarction period, are encouraging. A modest operative mortality and the excellent long-term prognosis for those patients discharged from the hospital indicate that surgery in this group of patients can be successful when medical management fails. In addition to improved survival, this group of patients clearly had a markedly improved quality of life in the time subsequent to operation, compared with their preoperative status. The reasons for the excellent long-term survival in the patients in our series, compared with that reported by Giacchino,'4 are not readily apparent. Several factors may play a role. These include the fact that the majority of these patients were referred to Stanford for evaluation of their arrhythmias. This may have preselected those patients with better ventricular function and may have eliminated many patients who were moribund at the time of operation. Furthermore, the high percentage of patients undergoing revascularization procedures at the time of their operation may have played a role in the long-term survival of the patients in our series.
The mechanism of sustained ventricular arrhythmias in patients with ventricular aneurysms or coronary artery disease, or both, is the subject of much debate. Those arrhythmias occurring early after myocardial infarction do not appear to be due to re-entry mechanisms, whereas those occurring well after myocardial infarction do appear to be consistent with a re-entrant mechanism.17 18 Recently Gallagher and co-workers reported a patient with obstructive coronary artery disease and ventricular aneurysm, who had persistent ventricular tachyarrhythmias. 19 Epicardial mapping localized the area of earliest activation during the ventricular tachycardia as the margin of the aneurysm. At the time of surgery, pressure over this area resulted in cessation of the ventricular tachycardia. Resection of a portion of the aneurysm, including the area of early depolarization, resulted in elimination of episodes of ventricular tachycardia for a oneyear follow-up period. In this patient, as well as in our series, *Two of these patients had never required cardioversion. **One of these patients had required cardioversion.
Abbreviation: PVCs = premature ventricular contractions.
success of operation may be due to surgical interruption of a re-entry pathway. In fact, Spurrell20 and Fontaine2" have reported successful interruption of ventricular tachyarrhythmia after transmural incision without myocardial resection. In the future, epicardial mapping and preoperative electrophysiologic studies may play an increasingly important role in the therapy of these patients.
The ambulatory ECG monitoring studies in this series revealed the persistence of frequent premature ventricular contractions and complex ventricular arrhythmias in eight of 12 monitored survivors, despite the absence of episodes requiring treatment in five of these eight for periods of up to four years. Six patients continued to have occasional mild palpitation. These findings indicate that medical therapy should probably not be abandoned in favor of surgical therapy because of mild palpitation or asymptomatic ventricular arrhythmias, even if such arrhythmias are frequent or complex. Patients of the type described in this series are frequently evaluated preoperatively using continuous intensive care unit ECG monitoring or ambulatory ECGs. Although the patients in our series were generally operated only for severely symptomatic sustained ventricular arrhythmias that recurred despite medical therapy, we have noted that there is a tendency for physicians to discontinue a drug and consider it ineffective because of asymptomatic arrhythmias, such as unsustained runs of ventricular tachycardia detected during such monitoring.
Our success with surgical intervention in patients who are more than one month postmyocardial infarction has been encouraging. However, the difficult problem presented by patients who are acutely ill after infarction remains. Perhaps more sophisticated electrophysiologic as well as hemodynamic studies early in the course of this group could select those patients who would also benefit from surgical treatment.
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